Soya products contain high levels of the isoflavones genistein and daidzein, and their glucosides, and may lower the risk of cardiovascular disease, osteoporosis and cancer. The present crosssectional study investigated plasma concentrations of daidzein and genistein and their correlations with dietary soya consumption in four groups of twenty premenopausal British women. The women were selected from the Oxford arm of the European Prospective Investigation into Cancer and Nutrition using data from food-frequency questionnaires (FFQ) to guarantee a wide variation in soya consumption, and to investigate the utility of the question related to soya milk consumption compared with the utility of the question related to other soya foods. Dietary intakes of isoflavones were additionally assessed by 7 d food diaries. Plasma concentrations of daidzein and genistein were measured by time-resolved fluoroimmunoassay. Geometric mean plasma concentrations (nmol/l) were for the four groups, which were based on increasing soya intake, 4 : 9, 8 : 4, 39 : 2 and 132 for daidzein and 14 : 3, 16 : 5, 119 and 378 for genistein. The Spearman correlation coefficients for plasma isoflavone concentrations with estimated dietary intakes were between 0 : 66 and 0 : 80 for the diary-based estimates and between 0 : 24 and 0 : 74 for the FFQ-based estimates. The correlations for soya milk intakes were clearly higher than the correlations for intakes of other soya foods. We conclude that both the food diary and the FFQ estimate dietary soya isoflavone intakes sufficiently well to use them in epidemiological studies, and that plasma concentrations of daidzein and genistein in Western women who consumed soya products as a part of their regular diet were close to those in Asian populations.
The isoflavones genistein and daidzein, and their glucosides, are naturally-occurring hormone-like substances that are present at high levels in soyabeans. It has been proposed that isoflavones may lower the risks of cardiovascular disease, osteoporosis and cancer (Adlercreutz & Mazur, 1997; Bingham et al. 1998; Fournier et al. 1998; Setchell, 1998) . Ecological comparisons have shown that both breast cancer and prostate cancer are much rarer in populations in Japan and China, where soyabean consumption is high, than in Western countries, where soyabean consumption is low (International Agency for Research on Cancer, 2000) . A few epidemiological studies have investigated the association between soya food consumption and breast cancer risk, but the results so far are inconsistent (Key et al. 1999) . In Asian populations, high soyabean consumption is probably a marker of adherence to a traditional dietary pattern, and is likely to be correlated with other nutritional factors. It is, therefore, of considerable interest to study soya food consumption in Western populations, where the possible correlations with other nutritional factors are likely to be different. However, there are few studies of this type and soya food consumption tends to be low (Greenstein et al. 1996; Jacobsen et al. 1998) .
The Oxford arm of the European Prospective Investigation into Cancer and Nutrition (EPIC-Oxford) includes information on 57 700 British subjects with a wide range of dietary habits, soyabeans being an important protein source among the large vegetarian (n 16 000) and vegan (n 2100) subpopulations. The aim of the present study was to investigate plasma concentrations of daidzein and genistein and their associations with dietary soya consumption in four groups of twenty premenopausal British women in the EPIC-Oxford cohort. In addition, we studied the utility of the questions related to soya milk consumption compared with the utility of the question related to consumption of other soya products.
Materials and methods
The EPIC-Oxford cohort consists of 57 700 subjects (including 44 500 women) aged 20 years and above and living in the UK between 1993 and 1999. The protocol of recruitment was approved by the Central Oxford Research Ethics Committee and by local ethics committees. Participants were recruited through collaborating general practitioners, vegetarian and vegan societies, vegetarian and health food magazines, or were friends or relatives of other participants. All participants completed an extensive foodfrequency questionnaire (FFQ; Bingham et al. 1997) , which included three closed questions relating to soya intake. Two questions asked about the type of milk the subjects used most often and the amount used, including milk with tea, coffee, and cereals (none; 0 : 25 pint (142 ml); 0 : 5 pint (284 ml); 0 : 75 pint (426 ml); 1 pint (568 ml); .1 pint). The daily consumption of soya milk (g) was calculated based on the answers to these questions. The third question asked about the frequency of the use of soya foods such as tofu, soya meat, textured vegetable protein and vegeburgers during the last 12 months (never or less than once per month; one to three times per month; once per week; two to four times per week; five to six times per week; once per d; two to three times per d; four to five times per d; six or more times per d); for convenience, these other soya foods will in the present paper be referred to as 'solid soya foods'.
On a separate occasion the subjects completed a 7 d food diary, which is an open-ended record of all food and drink consumed over this period. A previous validation study has indicated that the 7 d food diary estimates the intake of most nutrients more accurately than the FFQ; for example, the unadjusted and energy-adjusted correlation coefficients between 24 h urine excretion and dietary intake of N from 7 d food diaries were 0 : 65 and 0 : 67 respectively, the corresponding correlation coefficients for the FFQ being 0 : 24 and 0 : 49 (Bingham et al. 1997) . Subjects were also asked to provide a 30 ml blood sample, which was sent by mail to the central laboratory where plasma was prepared and stored for up to 6 months at 2708C and then in liquid N 2 until the samples were assayed in 1999.
The present study is based on a sample of eighty women, aged between 20 and 39 years, who were allocated to one of four groups of twenty women according to their consumption of soya foods estimated from the FFQ. Twenty women consumed no soya milk and very little solid soya food (once per month or less; group 1), another twenty consumed no soya milk but ate solid soya foods regularly (i.e. at least five to six times per week; group 2), twenty drank 0 : 25 pint (142 ml) of soya milk daily and ate some of the solid soya foods (i.e. at most once per week; group 3) and twenty drank 0 : 5 pint (284 ml) or more of soya milk daily and consumed solid soya foods at least two to four times per week (group 4). Group 1 was selected to include subjects with presumably low isoflavone intakes, groups 2 and 3 to include subjects with intermediate isoflavone intakes from two different sources and group 4 to include subjects with high isoflavone intakes. The intention was that group 2 would provide information on the validity of the FFQ question relating to other soya food consumption and that group 3 would provide information related to the validity of the FFQ questions on soya milk consumption. Before conducting the study, we estimated from the FFQ that the daily isoflavone intakes (mg) for groups 1 -4 would be ,1, 18 : 4-23 : 4, 14 : 2-37 : 6, and $38 : 4 respectively; i.e. our expectation was that groups 2 and 3 would have overlapping isoflavone intakes but acquire them from two different major sources. Women were excluded from the study if they were on antibiotics or suffering from a chronic disease at the time of FFQ or venepuncture. For the women selected, the average time from FFQ to venepuncture was 5 months exactly, and the average time from venepuncture to completion of the food diary was 4 months and 10 d.
Isoflavone intakes were calculated by multiplying the frequency of soya food consumption by portion weights to obtain g soya food consumed/d (for FFQ, a standard portion weight of solid soya foods was estimated to consist of 50 g tofu, 33 g vegeburger and 6 g textured vegetable protein). These were then converted to dietary intakes of daidzein, genistein and total isoflavones (including daidzein, genistein and glycitein) using measurements for daidzein, genistein and total isoflavones obtained from the US Department of Agriculture -Iowa State University (1999) database on the isoflavone content of foods. This database incorporates data on the isoflavone content of foods collected from scientific articles published in refereed journals, and by extensive sampling of soya-containing foods and subsequent laboratory analysis. The values for glucoside forms had been converted into free forms (aglycones) by using appropriate ratios of molecular weights, and then added to their respective free-form values to generate total values for daidzein and genistein.
Plasma concentrations of daidzein and genistein were measured by time-resolved fluoroimmunoassay at the Institute for Preventive Medicine, Nutrition and Cancer, the Folkhälsan Research Center, Helsinki, Finland (Wang et al. 2000) . In a previous study the correlation coefficients between time-resolved fluoroimmunoassay and GLC -MS (the reference method) were very high (r values 0 : 95 -0 : 99, depending on concentration), indicating that this relatively simple and rapid assay provides valid measures of plasma isoflavones (Wang et al. 2000) . In the present study the intra-assay percentage CVs at three different concentrations were 15 : 7, 8 : 7 and 9 : 2 for daidzein and 44 : 5, 4 : 9 and 11 : 0 for genistein. The corresponding mean concentrations (nmol/l) were 1 : 96, 8 : 41 and 103 for daidzein and 2 : 18, 25 : 5 and 162 for genistein. It should be noted that the high intraassay CV at the lowest concentration of genistein is for a concentration much lower than the mean value obtained in the lowest-soya-intake group.
The distributions of plasma isoflavone concentrations were positively skewed, and they were logarithmically transformed to produce approximately normal distributions. ANOVA models provided the estimates of means and 95 % CI for the log-transformed plasma concentrations by soyaintake group and other measures of dietary soya intake; we exponentiated the latter values to obtain the geometric means and respective 95 % CI. Arithmetic means are also shown to facilitate comparison with the published results of soya supplementation studies. Associations between plasma concentrations and dietary intake measures were investigated using Spearman correlation coefficients.
The blood samples had been in the mail on average 1 : 5 S.D. 1 : 0) d and, consequently, the average haemoglobin concentration was 0 : 6 (SD 0 : 8) g/l plasma when the extent of haemolysis (in four categories) was assessed with the naked eye (Hubbuch & Schuckliess, 1989) . To investigate the possibility that there had been haemolysis or that some other factor between venepuncture and centrifugation of the blood sample might have had an effect on the results, we conducted statistical analyses restricted, alternatively, to the thirty-six women (45 %) whose plasma samples showed no signs of haemolysis when inspected with the naked eye, or to the fifty-three women (66 %) whose blood samples had been in the mail for 1 d only.
Results Table 1 presents the characteristics of the eighty study subjects according to soya-intake group. The mean ages were 35 : 7 years, 31 : 4 years, 31 : 5 years and 29 : 7 years respectively in the soya-intake groups 1, 2, 3 and 4 ðP , 0 : 001 for heterogeneity and trend). Thirty-one women were vegetarians and twelve were vegans; vegetarians were spread throughout the four soya-intake groups, whereas all vegans were in groups 3 and 4.
Mean soya milk consumption showed an increase from group 1 to group 4 according to the estimates from both the FFQ and the food diary, but the FFQ-based estimates were substantially higher than the diary-based estimates in groups 3 and 4. For solid soya foods, the FFQ-based estimates were 4 : 5-fold higher than the diary-based estimates in group 2, whereas the diary-based estimates for solid soya foods were larger than the FFQ-based estimates in both groups 3 and 4. Contrary to our expectation, the diary-based estimates for solid soya food consumption increased monotonically from group 1 to group 4. The estimates of total daily isoflavone intakes (mg) were 0 : 2, 20 : 0, 17 : 1 and 48 : 9 based on the FFQ, and 0 : 6, 5 : 9, 19 : 6 and 33 : 7 based on the 7 d food diaries for group 1-4 respectively. Thus, the FFQ data indicated that the dietary isoflavone intakes for groups 2 and 3 would be very similar, whereas the food-diary data pointed to isoflavone intakes increasing steadily from group 1 to group 4.
The geometric mean concentrations of plasma isoflavones in the group with the highest soya intake (group 4) were more than 25-fold higher than the mean concentrations in the group with the lowest soya intake (group 1), the plasma concentrations increasing steadily from group 1 to group 4 ( Table 2 ). The geometric mean values for plasma FFQ, food-frequency questionnaire. * The soya-intake groups were based on data from FFQ as follows: group 1, no use of soya milk, solid soya foods less than once per month; group 2, no use of soya milk, solid soya foods five to six times per week or more often; group 3, 142 ml soya milk daily, solid soya foods once per week or less; group 4, $284 ml soya milk daily, solid soya foods two to four times per week or more often.
daidzein (nmol/l) were 4 : 9, 8 : 4, 39 : 2 and 132 for groups 1-4 respectively (P 0 : 0001 for heterogeneity); the corresponding values for plasma genistein (nmol/l) were 14 : 3, 16 : 5, 119 and 378 (P 0 : 0001 for heterogeneity). Adjustment for age slightly decreased the difference between the groups with the highest and the lowest soya intake (groups 1 and 4, but the geometric mean concentrations of plasma isoflavones remained more than 20-fold higher in the group with the highest soya intake highest compared with those of the group with the lowest soya intake. The arithmetic means showed the same pattern of variation as the geometric means, but the arithmetic mean values were much higher than the geometric mean values because of the strongly positively skewed distributions of isoflavone concentrations. The Spearman correlation coefficient between plasma daidzein and plasma genistein was very high (r 0 : 95). All diary-based estimates of dietary soya intake showed very high correlations with plasma daidzein and genistein concentrations (dietary total soya and isoflavone intakes r 0 : 78 -0 : 80, soya milk intake r 0 : 74-0 : 77, solid soya food intake r 0 : 66-0 : 69; Table 3 ; P , 0 : 001Þ: High correlations with plasma daidzein and genistein were observed for total soya and soya milk intakes from the FFQ-based estimates (r 0 : 72-0 : 74, P , 0 : 001Þ; and also for daidzein and genistein intakes (r 0 : 69 -0 : 74, P , 0 : 001Þ: The FFQ-based estimate for total isoflavone intake also showed a reasonably high correlation with plasma isoflavones (r 0 : 53 -0 : 56, P , 0 : 001Þ; but the correlations for FFQ-based estimates of solid soya food intakes with plasma isoflavones were clearly weaker (r 0 : 24 -0 : 28) but remained statistically significant ðP ¼ 0 : 012 for plasma daidzein, P ¼ 0 : 034 for plasma genistein). No differences were observed between the correlation coefficients for plasma daidzein compared with those for plasma genistein.
Restriction of the statistical analyses to the thirty-six women whose blood samples showed no signs of haemolysis when inspected with the naked eye, or to the fifty-three women whose blood samples had been in the mail for only 1 d, did not materially change the mean concentrations of isoflavones nor the correlation coefficients compared to with the values shown in Tables 2 and 3 .
Discussion
Reported soya intakes varied more than 100-fold between the four intake groups. For subjects in groups 3 and 4, soya milk intakes estimated from the FFQ data were much higher than those estimated from the diary data. This finding that the FFQ yields higher average daily intakes than other methods has been noted before, and probably represents an overestimation of milk intake by the FFQ (Bingham et al. 1997) . Despite this finding, the correlation coefficients between dietary soya milk intakes and plasma isoflavone concentrations were high, implying that the measurement error in the absolute levels has little effect on the relative validity of FFQ-based soya milk assessment. Likewise, any haemolysis-related effects would have been too small to have an important effect on the results of the present study. * The soya-intake groups were based on data from food-frequency questionnaires as follows: group 1, no use of soya milk, solid soya foods less than once per month; group 2, no use of soya milk, solid soya foods five to six times per week or more often; group 3, 142 ml soya milk daily, solid soya foods once per week or less; group 4 $284 ml soya milk daily, solid soya foods two to four times per week or more often. For details of experimental procedures, see p. 416. * All correlations, except those indicated, were highly significant (two-sided, P , 0 : 001Þ: † Correlation between FFQ-based estimate and plasma daidzein was significant at P ¼ 0 : 012; and that for FFQ-based estimate and plasma genistein was significant at P ¼ 0 : 034: Fig. 1 . Studies on plasma or serum daidzein concentrations in adults *Concentrations are given as geometric means; all other concentrations are arithmetic means. For the present study, eighty premenopausal women were allocated to groups according to soya intake; groups 1-4 represent increasing soya intake, with twenty women per group (For details, see Table 1 and p. 416).
Based on the FFQ data, we expected that the consumption of solid soya foods would be highest in group 2 (where solid soya foods were reportedly consumed five to six times per week, or more often) and second highest in group 4 (where solid soya foods were reportedly consumed two to four times per week or more often), but the diary data showed that consumption of solid soya foods increases steadily from group 1 to group 4. This discrepancy points to a relatively poor performance of the FFQ question in relation to the question on solid soya foods. The finding may be partly a result of the lack of specificity of the question, i.e. that it covered the intakes of several foods (including tofu, soya meat, textured vegetable protein and vegeburgers), and partly a result of a significant part of the ingested soyabean being obtained from sources unrecognized by the FFQ.
We observed correlation coefficients from 0 : 65 to 0 : 75 between dietary soya food and isoflavone intakes and plasma isoflavones. These values are higher than the correlations between diary-based dietary isoflavone intakes and plasma isoflavones in a recent Japanese study (energyadjusted Pearson correlations from 0 : 33 to 0 : 42, P , 0 : 001; Arai et al. 2000) . They are also higher than correlations for most other nutrients assessed with the EPIC-FFQ (median Spearman correlation for eighteen nutrients 0 : 55) and broadly similar to the correlations observed for most other nutrients assessed with the EPIC food diary (median Spearman correlation 0 : 72; Bingham et al. 1997 ). It appears that our non-random subject selection has contributed, particularly in the case of the FFQ, to the high levels of correlation coefficients observed in the present study by increasing the standard deviation of dietary isoflavone measurements. However, non-random subject selection would not create a relationship where none exists; i.e. if there were no real association between dietary and plasma isoflavones, then our non-random subject selection would not produce an association.
The correlation coefficients between estimated dietary isoflavone intakes and plasma isoflavones were not higher than the respective correlation coefficients between total soya intakes and plasma isoflavones (in fact, the FFQ-based estimate for total isoflavones showed weaker correlations with plasma isoflavones than the FFQ-based estimate for total soya food intake). Thus, it appears that published data on measurements of isoflavones in soya products did not add to the information provided by dietary soya intake alone. This may be because of the large geographical and temporal variations in isoflavone contents in different foods; in consequence, the isoflavone contents published in any particular food table cannot be expected to provide accurate estimates of the isoflavone content of the same food studied in a different time and place.
Both the FFQ and the diary provided estimates for soya intake which correlated well with plasma isoflavone levels. The diary gave a more consistent response amongst the four exposure groups than the FFQ and was a tool that could be used with somewhat greater confidence; however, coding the diaries is much more time consuming and expensive than coding the FFQ. For many epidemiological purposes, the two questions on soya milk consumption in the FFQ should give reasonably valid estimates for isoflavone consumption.
The dietary intake levels of isoflavones in women who consumed soya as a part of their regular diet in the present study were close to the levels in Japanese adults consuming a traditional diet, which has recently been reported to provide ,30 mg isoflavones/d (Messina, 1995; Watanabe et al. 2000) . Fig. 1 summarizes the studies on daidzein concentrations in human serum or plasma (Adlercreutz et al. 1993a,b; Morton et al. 1994 Morton et al. , 1997 Coward et al. 1996; Gooderham et al. 1996; Brzezinski et al. 1997; ZeleniuchJacquotte et al. 1998; Albertazzi et al. 1999; Arai et al. 2000; Wang et al. 2000; Watanabe et al. 2000) . In the present study the plasma isoflavone concentrations in British women who used little or no soya were as low as those previously observed in typical Western populations (Adlercreutz et al. 1993a,b; Gooderham et al. 1996; Morton et al. 1997; Zeleniuch-Jacquotte et al. 1998; Wang et al. 2000) ; the only exceptions are an international study that reported surprisingly high daidzein concentrations in British men but not in Portuguese men (Morton et al. 1997) , and perhaps two soya supplementation studies that observed equally high concentrations at baseline in omnivorous Israeli women (Brzezinski et al. 1997) and Italian women (Albertazzi et al. 1999) . The concentrations in the group with the second-highest soya intake in the current study were similar to the levels that have been reported previously for vegetarian Finnish women (Adlercreutz et al. 1993a) ; the concentrations in the group with the highest soya intake were of the same magnitude as the concentrations in Japanese men or women consuming traditional diets (Adlercreutz et al. 1993b; Morton et al. 1997) . However, the plasma isoflavone concentrations after supplementation of regular diets with soya appear to be even higher (Morton et al. 1994; Coward et al. 1996; Gooderham et al. 1996; Brzezinski et al. 1997; Albertazzi et al. 1999) .
In conclusion, the present study suggests that, in a Western population, dietary intakes of soya isoflavones can be estimated reliably enough for epidemiological purposes using either a FFQ or a 7 d food diary. The food diaries performed somewhat better than the FFQ, where the question related to the consumption of solid soya foods did not add much to the information obtained by the questions related to soya milk consumption only. Alternatively, for prospective studies with no questionnaire or diary data on soya intake, plasma values of daidzein or genistein could be used as biomarkers of soya intake. In some British women consuming soya foods as a part of their regular diet, the plasma concentrations of isoflavones were close to the concentrations in Asian populations.
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